Separate physiological roles and subcellular compartments for two tetrapyrrole biosynthetic pathways in Euglena gracilis.
delta-Aminolevulinic acid (ALA), the first committed precursor to the tetrapyrrole components of hemes and chlorophylls, is synthesized by two different routes in the photosynthetic phytoflagellate Euglena gracilis: directly from glutamate, mediated by a 5-carbon pathway, and via condensation of glycine and succinyl-CoA, catalyzed by the enzyme ALA synthase. The physiological roles of the two pathways were determined by administration of specifically 14C-labeled ALA precursors to cultures growing under different physiological conditions. Relative activities of the ALA synthase and 5-carbon pathways were monitored by incorporation of radioactivity from [2-14C] glycine and [1-14C]glutamate into highly purified protoheme, heme a and chlorophyll a derivatives. Wild type cells grown photoautotrophically or photoheterotrophically synthesized chlorophyll and incorporated radioactivity from [1-14C]glutamate into the tetrapyrrole nucleus of the pigment. [2-14C]Glycine was incorporated primarily into the nontetrapyrrole-derived portions of chlorophyll. In the same cultures both [2-14C]glycine and [1-14C]glutamate were efficiently incorporated into protoheme, while only [2-14C] glycine was incorporated into heme a. In dark-grown wild type or light-grown aplastidic cells, no chlorophyll was formed, and both protoheme and heme a were labeled exclusively from [2-14C]glycine. These results indicate: (a) ALA synthase and the 5-carbon pathway operate simultaneously in growing green cells; (b) the 5-carbon pathway provides ALA for chloroplast protoheme and chlorophyll, and is associated with chloroplast development; (c) ALA synthase provides ALA only for nonplastid heme biosynthesis; and (d) the two ALA pathways are separately compartmentalized along with complete sets of enzymes for subsequent tetrapyrrole synthesis from each ALA pool. The protoheme that was synthesized from [1-14C] glutamate had a higher specific radioactivity than chlorophyll synthesized from the same precursor. This result together with calculated specific radioactivities of the products synthesized during the incubation period, suggest that both protoheme and heme a undergo metabolic turnover.